The main objective of this work is to reflect the structural changes that have 
Introduction:
The standard microeconomic paradigm envisages a direct link between cost and prices which firms set on a variable mar-up basis in relation to the position and slope of the product demand curve. This paradigm applies most directly to manufacturing industry.
It cannot be applied without modification to raw materials producing industries in which prices are set on competitive exchanges. In such markets, firms have no direct control over prices and the relationship between production cost and prices must therefore be indirect. In this paper, I attempt to characterize the cost-price relationships in the aluminium industry.
Historically, the aluminium industry was mainly dominated by a group of six large multinational companies, which set producer prices on cost class basis. However concentration diminished significantly 2 during the 1970's and 1980's, and with the start on aluminium futures trading on the London Metal Exchange (LME ) in 1978 the major producer lost their ability to directly control prices. By the mid 1980's aluminium was effectively sold world-wide on the basis of LME quotations. Since then there has been significant change on the determination of price cost margins.
It is widely hold that mineral companies have not been highly profitable over the last two decades. One explanation to this is that long term price trends have been unfavourable due to the effects of globalization on mining companies. Firms can no longer control prices and have reacted to the increased international competition by focusing on cost reduction and increased efficiency through economies of scale, mergers, acquisitions and technological improvements to facilities. Three major mergers and several smaller ones were completed in the ongoing consolidation of aluminium smelting and manufacturing capacity. In the year 2000 Alcoa Inc. and Reynolds Metals Company Limited completed their merger after receiving approval from regulatory activities. Alcoa remained the largest producer of primary aluminium. Over the same year, Alcan Aluminium completed its merger with Alusuisse to become Alcan Inc. the largest packaging company in the world. Additionally Russky Aluminii, or Russian Aluminium, was formed through an amalgamation of Sibersky Aluminium´s assets with the aluminium interest of Sibneft Oil. Related factors such as the large increase in exports from the Russia and the other ex-Soviet republics in recent years has also contributed to the downward pressure in profits, as well as the increase in productivity due to the entrance of new more efficient firms into the market.
The major cost components in aluminium production are the cost of the raw material and the cost of electricity required to release aluminium metal from the alumina feed. Aluminium smelters frequently draw their power from dedicated (often hydro) electricity generation plants which do not have alternative buyers for their power. For this reason smelters, electricity generators and alumina refineries are often linked by risk sharing contracts, with the consequence that power input prices vary with the aluminium price. In aluminium, therefore the direct link is mainly from price to costs and not from costs to price. In order to see how costs influence prices we need to consider investment in new smelting capacity, which will depend on production costs through the profitability of both current production and new investment.
The changes outlined above that have taken place within the aluminium production and price setting structure motivate the development of the present study.
The main purpose of this paper is to estimate the cost structure of aluminium smelting and to look at the relationship between costs and output prices taking into account the prevalence of industry risk sharing agreements.
The model is developed in three stages:
1. Estimation of the translog cost function for aluminium smelting. The use of this technique to estimate cost is related to the work of Lindquiest (1998) , who applied the translog function to panel data for six Norwegian aluminium smelting plants.
Earlier studies of the aluminium industry, such as that of Rosebaum (1987), Froem and Gewe (1987) and Donowitz et al. (1987) had to assume fixed input coefficients and constant returns to scale. As a consequence the standard way to calculate margins, involved a measure of average variable cost, often not reliable due to the lack of accuracy of production cost reports. It turns out that if the fixed input demand and constant returns to scale assumptions are not valid, the standard way of calculating cost is not correct and leads to an incorrect inference about cost and its relationship with price over time. This motivates the application of the translog framework to a proprietary set of industry level data.
2. Once the cost structure is estimated, I relate this to industry prices. I do this by distinguishing between the short and the long run. To model the short run dynamics, I set up a series of relationships showing the impact of aluminium price on power and alumina input prices. In order to relate cost and prices in the long run I set up an equation relating investment in new smelter capacity to profitability and a measure of Tobin's Q for the aluminium sector.
3. The model is closed up with the demand and supply equations reflecting the price setting behaviour within aluminium smelting. The former consists of a crude relationship linking the change in the aluminium price to the balance between aluminium consumption and capacity. In the latter production is restricted to be autoregressive and dependent on production capacity and lagged prices.
This model allows me to determine the relationship between cost and prices, and trace out the effects of shocks to either costs or to the aluminium price on the complete set of price, cost, and production variables. It is made possible through the availability of a proprietary set of aluminium production cost capacity data provided by a consulting company.
The remainder of this chapter falls into seven sections. Section 2 provides a full description of the data. In section 3 I set up the translog cost function to describe the aluminium cost structure. In section 4 I describe the short and price-cost relationships.
In section 5 I set up the long run relationship between cost and prices. In section 4.6 I close the model by setting up the demand and supply schedules for aluminium smelting and linking production capacity to output prices.. I conclude in section 7.
Data description
I have a complete set of aluminium annual cost data covering the period 1982-1998. This includes data for total weighted average variable cost, power cost, power use, alumina price, alumina cost and capacity. These data were provided by the consulting firm Anthony Birds Associates. Annual data on aluminium consumption and production were obtained from the World Bulletin of Metal Statistics (WBMS) To estimate the aluminium investment structure I have used
• Aluminium share price yearly data for the major aluminium producers: Alcan (Canada), Alcoa (USA), and Reynolds (USA) for the period 1975 to 2000 (Datastream)
• US capital equipment US yearly data for the period 1970 -1999 (IMF, International Financial Statistics, September 2000 • Annual average data on the nominal interest rates: US 3 year government bond rate ( IMF, International Financial Statistics, September 2000) 3. Model specification for the aluminium production process: the translog function I set up a market model determining prices where each firm is a price taker and minimizes production costs for given prices. I justify this assumption by recognizing that from the mid-eighties, individual producers lost their ability to control prices as the consequence of the LME price becoming the industry market price standard. Over the same period, industry concentration has dropped significantly (see I. Figuerola-Ferretti (2002) p11-15) to the extent that individual firms can now be described as 'price takers'. The firm level model consists of a translog cost function and two price equations reflecting the risk sharing contracts, which determine the short-run input-output price relationships. I link this production side framework to the market environment defined by supply and demand equations, via an investment equation relating investment (defined as the change in capacity) to profits, and a measure of Tobin's q. This allows me to set up a long run relationship between cost and prices, by establishing that lower cost (and thus higher profits) lead to higher investment. I close the model with a relationship linking the metal price to the balance between capacity and consumption, and tree additional consumption, price and output equations representing the demand and supply framework within aluminium smelting. I model consumption as a function of industrial production and lagged aluminium prices, and output as a function of capacity and lagged aluminium prices. The complete set of equations allow model simulation and impulse response analysis (see section 4.7) allowing me to trace out the effects of shocks to each of the variables in the system.
Theoretical considerations
In the empirical estimation of the aluminium cost structure I have used a nonhomothetic transcendental logarithmic (translog) cost function 3 . This is a second order approximation to an arbitrary production function. Unlike the Cobb Douglas and the CES functions, this cost function does not impose any restrictions on the substitution possibilities among the inputs of production. It also allows scale economies to vary with the level of output and, more importantly, it allows input shares to vary over time. This is of particular importance for the aluminium production process since evidence shows 
subject to restrictions (2), (3), and (4). This model allows input demands to depend on exogenous input prices and output and therefore provides a framework in which one can undertake comparative static analysis on the aluminium cost and input demand structure.
Estimation method
I perform all estimations using Iterated Three Stage Leas Squares (I3SLS) on the subsystem consisting of production and the factor shares. Systems estimation allows consideration of the nonlinearities and cross symmetry conditions. Additional instruments are the one and two period lagged values of aluminium and input price returns, and the one period lagged production and capacity variables. Use of these instruments is justified in terms of the presence of these variables in the reduced forms for input prices and production. Table 4 .1 shows the results from estimating the system. The cost function is well behaved if it satisfies the monotonicity and concavity conditions. The parameters α A (0.1700) and α E (0.8300) are the average shares of alumina and power inputs over the sample period, they should be non-negative if the cost function is to satisfy monotonicity. Furthermore, we impose that their sum is equal to one. The estimates are positive but insignificant. In order to test for monotonicity, I look at the fitted shares.
Estimation results
The predicted average shares are 57.58% for alumina and 42.43% for power. The parameters which correspond to the second order terms of the translog cost function, γ AA (0.1945), γ EE (-0.0768), γ AE (0.0768), γ EA (0.0768), may be seen as constant share elasticities. They are derived from partial differentiation of the factor demands (shares) with respect to input prices. They generate the factor share percentage shifts for the given change in input prices. The estimates are not all correctly signed. For instance the own price parameters γ AA , γ EE should in principle be negative as one expects the demand for alumina and power to decrease as alumina and power prices increase. Contrary to expectations, the estimated coefficient γ AA is positive and significant. This suggests that there may be second order violations, but this may not yet be a problem as the bordered Hessian matrix depends on the factor shares as well as the constant share elasticities. Power is however price responsive as the constant own share elasticity is negative and significant. Its value shows that the total power share will decrease by 0.8% if the power price rises by 10%.
The cross share elasticities 5 γ AP , γ EA may in principle be either positive, negative or zero depending on whether the inputs involved are substitutes (positive), complements (negative) or neutral (zero). The estimated coefficient γ AE is positive and significant indicating that, there is some degree of substitutability between power and alumina. It indicates that the alumina share should rise by 0.8% when power price rises by 10%. Given that we are looking at industry level data this can be interpreted as reflecting the improvements in technology that have led to electricity saving techniques within aluminium smelting (see p. 89) and the subsequent substitution of power for alumina.
Given the share parameter estimates, one can check the second order conditions by calculating the substitution and price elasticities.
6
Concavity requires that the matrix of substitution elasticities is negative semi-definite. As can be seen in Appendix 4.A.2 and 4.A.3, own price and substitution elasticities are negative at all points, and cross substitution and price elasticities are positive at all points, demonstrating that the concavity property is not violated. The mean Allen own price elasticities 7 ε AA (-1.2371) and ε EE (-1.0458) are negative. The mean cross price elasticities ε AE (0.1019) and ε EA (0.1360) are positive indicating that alumina and power are substitutes.
8 5 Note that the symmetry condition restricts these two parameters to be the same. 6 For substitution elasticities See Paraskevopoulos 2001 (p. 41) . 7 Note that the interpretation of the price and substitution elasticities is very similar to that offered by the second order parameters (constant share price elasticities). However they differ in their magnitude because the price and substitution elasticities depend on the second order parameters of the cost function as well as on their fitted shares.
I now discuss the share elasticities concerning changes in output.
γ AY (-0.09067) and γ EY (0.09067) indicate by how much alumina/power input share increases given a percentage change in output. γ yA is negative and marginally significant indicating that when output increases demand for alumina decreases However the parameter is not significant.
Since some of our estimated output parameters are insignificant, I have looked for possible parsimonious simplifications. Table 2 shows results of these tests. Whereas it can be argued that there is weak evidence supporting homotheticity, our model strongly rejects any further simplification.
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The short run price cost relationships:
In this section I characterize short run relationship between aluminium input cost and output prices. Because the price of alumina and power electricity are linked to the aluminium price via risk sharing contracts we argue that in the short run output prices determine input prices. The next step is to determine whether the causality relation goes from input prices to output prices or vice-versa. I have performed a Granger-causality test using price levels, logs and price returns.
The effect of aluminium prices on alumina prices
15
The results (see table 3) are somewhat sensitive to the lag length used.
16
If we take a lag length of one as being optimal we see evidence of causality in both directions at the 5% significance level, and stronger evidence of causality from output price to the alumina price at the 1% level. There are three causality effects in this direction which are significant at the 1% significance level as opposed to one significant effect in the opposite direction. Taking a preferred lag length of two, one can see that there is also stronger evidence of Granger-causality from output price to alumina price than from alumina price to aluminium price. There is evidence of causality from output prices to input prices at the 5% significance level under all three specifications. On the other hand there is only evidence of causality from alumina prices to output prices at the 10% level when levels or logs are taken.
15 I have performed Dickey Fuller tests for all of our variables. The results (presented in appendix 4.B) are inconclusive due to lack of sufficient observations. 16 The literature on Granger-causality tests highlight the importance of examining robustness to avoid spurious outcomes. 
Regression results and diagnostics, given in table 4.4, confirm the view that equation
(6) provides a good representation of alumina price determination. 
4.2.The effect of aluminium prices on power prices
I follow the same procedure with power prices. The pattern followed by the annual aluminium price and power price series suggests that they have a positive relationship. This is supported by a cross correlation analysis, which shows high positive contemporaneous and lagged correlations. 
The results from estimating (7) show that changes in current power prices are highly dependent on current aluminium prices and lagged discrepancies from their long run relationship (see table 6) This is a variable measuring profit determined by the ratio of aluminium price to fitted cost. We expect profits to be significant in explaining investment, and be able to derive a long run relationship from cost to prices. Higher volatility of share prices indicates that investors expect higher risk over future earnings which suggests a lower degree of precision in the estimates ( see Parakevopoulos, 2000) .
Results from estimating equation (.9) are reported in table (6). These show that current changes in q and the price-cost margin are very significant in explaining investment. This is an important finding as it provides with a link between average variable cost and investment defined as the change capacity. In the next section I close the model by developing a framework in which capacity is linked to the demand and supply functions within aluminium smelting. This is done in order to explain the nature of the long run relationship between cost and prices.
Closing the model: the demand and supply relationships
In order to close the model I set up a framework in which the price setting behaviour represented via supply and demand equations. Price is linked to the production structure through investment in new smelting capacity. The inverse demand function is specified in equation 4.10 in which the aluminium price is defined as a function of its own lag and the output gap between consumption on the one hand and capacity and lagged production on the other. 1 , 4 1 3 2 1 0 log log log log ) log(
Estimation results, reported in table 7, show all the estimated coefficients to be highly significant. The inverse demand equation may be interpreted with the investment equation 9 to see that high input cost leads to lower investment in new capacity, which in turn leads to higher prices. For a 1% decrease in capacity we expect prices to rise by 3.17%. Higher current consumption also leads to higher prices and lower levels of past production also lead to upwards price pressure. 
0.007562
The table gives the OLS estimates of the investment equation (4.10). Probability values are given in parentheses.
. The consumption variable is endogenized in equation (11) to take into account that, because aluminium is an intermediate product used as input by industrial producers, so its consumption depends on its price as well as the quantity of industry output production. Current price changes affect consumption only in the following period as producers respond to price changes by retooling the investment process. I therefore model consumption with the following equation:
Estimation results are reported in table 4.8. Both estimated coefficients are significant and have the expected sign. They imply that for every 1% increase in industrial production consumption to rise by 1.53%. Conversely if prices rise by 1% consumption next will be expected to drop by 0.13% in the next period. The table gives the OLS estimates of the consumption equation (11). Probability values are given in parentheses.
Finally we set up the supply schedule in which production is restricted to be autoregressive, and also dependent on capacity and one period lagged prices. 
Results from estimating (4.12) which are presented in table 4.9. Accordingly, we should expect production to rise by 0.53% when capacity increases by 1%. Moreover if prices rise by 1% we should expect next period production to rise by 0.10%. In this section have closed the model by providing a demand and supply framework consisting of three equations determining output price, consumption and production respectively. These have been linked to the firm level model through investment which is determined by changes in production capacity. The purpose of this section has been to provide a complete model of the aluminium cost and price setting structure, in which the long run relationship between cost and prices is determined through investment in new smelter capacity.
Concluding remarks
It has been argued that, over the course of the nineteen eighties, aluminium producers lost their ability to control prices and as a result they could no longer fix prices as a mark-up over marginal cost. This prompts the question of whether the main producing companies are no longer highly profitable. Long run price trends have been lower in real terms, but producers have since responded to the increased international competition by focusing on cutting costs through economies of scale, mergers acquisitions and technological improvement. The purpose of this paper has been to shed light to this issue by determining the relationship between cost and prices within aluminium smelting.
I have specified a model to determine the relationship between cost and prices within aluminium smelting. Aluminium producers are seen as cost-minimizing price takers reflecting the fact that, since the mid nineteen eighties, aluminium has world wide been priced on the basis of the LME quotations. The central component of the model is a translog cost function to allow for conditional input demands to vary over time. The model also reflects the prevalent industry practice of risk sharing agreements between aluminium smelters and the providers of (energy and alumina) inputs shows that as a consequence, there is a strong short term link from the aluminium prices to production costs, reversing the textbook paradigm. The implications is that cost do not determine prices in the short run, implying that producers do not have control to increase their prices in the face of higher production cost. This in turn explains why profitability might have been lower in the last decade.
Costs affect prices only indirectly through investment in new smelting capacity. This is shown in our model through investment relationship relating profitability and Tobin's q to the rate of investment. The model has been closed with demand and supply relationships illustrating the market behaviour.
The results from this paper may be summarised as follows: 1) Is the "re-concentration" process going to change the system of cost-cutting incentives enforced by the centralization of LME trading?
2) Given that the main players will no longer be able to control prices directly, will they choose play output setting games in order to indirectly set prices? Where:
P y is the aluminium price P A the price of alumina P E is the price of power electricity C is consumption Y is production Cap is capacity I is investment measured as the change in capacity 26 * stands for significance at the 10% level ** stands for significance at the 5% level *** stands for significance at the 1% level 
